Objective: To examine trends in the indications for corneal graft surgery in the United Kingdom. Results: The total number of annual keratoplasty operations increased from
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ORNEAL GRAFT SURGERY IS performed for a wide variety of indications, including corneal ectasias, stromal abnormalities, endothelial failure, and primary graft failure or rejection. The prevalences of corneal diseases may have changed during recent years, particularly with shifts in population demographics and changes in ophthalmological practice. For example, the prevalence of Fuchs endothelial dystrophy (FED) may have increased in the United Kingdom given its aging population, 1 while the incidence of pseudophakic bullous keratopathy (PBK) may have changed substantially following the introduction and continuing refinement of phacoemulsification cataract surgery. [2] [3] [4] Therefore, the numbers of patients requiring corneal graft surgery for different indications may have changed considerably in recent years, while the last published study 5 of indications for corneal graft operations throughout the United Kingdom covered the decade from 1990-1991 to 1999-2000 and pertained only to penetrating keratoplasty (PK). 5 Thepastdecadehasseentheincreaseduse of lamellar keratoplasty for some surgical indications, in the form of anterior lamellar keratoplasty and endothelial keratoplasty (EK). While the total number of corneal graft operations performed annually in the United Kingdom has risen slowly over the past decade, the proportion of lamellar keratoplasty vs PK cases has increased substantially. 6 Annual PK operations under the National Health Service Blood and Transplant (NHSBT) decreased from 1901 in 1999-2000 to 1473 in 2008-2009; during the same period, deep anterior lamellar keratoplasty (DALK) operations increased from 91 to 327 per year, and EK operations increased from 2 to 569 per year. 6 To date, no published data are available on the proportions of keratoconus operations performed using PK vs DALK during the past decade in the United Kingdom or on the proportions of patients with FED or PBK undergoing PK vs EK. In the context of finite supplies of corneal tissue, it is useful to have accurate data on past and current practices in corneal graft surgery to predict future requirements, particularly of lamellar vs full-thickness grafts. Therefore, the objective of this study was to examine trends in the numbers and proportions of corneal graft operations in the United Kingdom during the past decade by the type of graft and the surgical indication.
METHODS
The annual numbers of eyes undergoing corneal graft surgery in the United Kingdom were calculated from NHSBT data for the period April 1, 1999, to March 31, 2009, distinguishing PK, DALK, EK, and other keratoplasty. As described previously, 6 this data set is composed of information collected by the NHSBT through the transplant record form. It includes data on patients receiving donor corneal material supplied by the 2 Corneal Transplant Service (CTS) eye banks (Manchester Eye Bank, Manchester, England, and Bristol Eye Bank, Bristol, England). The accuracy of the data set is dependent on completion and return of transplant record forms by every center performing corneal graft surgery, but the NHSBT Ocular Tissue Transplant Audit 7 demonstrated a return rate of 97% during the study period.
The annual numbers of eyes undergoing corneal graft surgery through the CTS were classified by surgical indication into the following categories: keratoconus, stromal abnormalities (comprising stromal dystrophy and stromal opacification), en- dothelial failure (comprising FED, PBK, and aphakic bullous keratopathy [ABK]), infection (comprising viral, bacterial, fungal, protozoan, and other infection), regraft, and other indications. For each indication, the annual numbers and proportions of eyes undergoing PK, DALK, EK, or other keratoplasty were calculated. Where proportions of grafts were compared at different time points, the 2 test was used. Statistical analysis was performed using commercially available software (SAS version 9.1 software; SAS Institute, Inc).
RESULTS
The annual numbers of corneal graft operations performed in the United Kingdom under the NHSBT, subdivided by indication, are shown in Figure 1A The annual numbers and proportions of PK operations, subdivided by indication, are shown in Figure 1C and D. Results are also shown for DALK (Figure 2A and B) and for EK ( Figure 2C and D) . Results for eyes undergoing keratoplasty for stromal abnormalities are shown in 
COMMENT
Keratoplasty for keratoconus has continued during the past decade to represent about one-quarter of the total corneal graft workload in the United Kingdom. This proportion is similar to that published for CTS grafts in the previous decade (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , when a mean of 24% (range, 19%-27%) of annual PK operations were performed for keratoconus. 5 Our data demonstrate that the performance of PK for keratoconus has gradually decreased during the past decade, while the performance of DALK has increased substantially and now accounts for more than 40% of keratoplasty operations for keratoconus. Indeed, in 2008-2009, more than two-thirds of DALK operations were performed for keratoconus. There is no evidence from these data that the graft requirement for keratoconus has decreased with the advent of intracorneal ring implantation 8 or collagen cross-linking. 9, 10 DALK techniques continue to evolve, and an ongoing debate exists about visual and survival outcomes associated with PK vs DALK for keratoconus. [11] [12] [13] [14] [15] It is no table that WWW.ARCHOPHTHALMOL.COM 625 that interface opacification may limit visual outcomes in DALK. 16 However, a recent meta-analysis 11 of studies comparing DALK and PK found that the 2 techniques were equivalent for the outcome measure of best-corrected visual acuity and that DALK was superior to PK for the preservation of endothelial cell density. A further advantage of DALK is the absence of any endothelial immune graft rejection, which may improve long-term graft performance; however, improved graft survival with DALK has not yet been demonstrated, and further studies may help determine relative visual and survival outcomes in DALK vs PK as best practiced.
Keratoplasty for endothelial failure has increased during the past decade and continues to represent more than one-third of the total corneal graft workload in the United Kingdom. Corneal Transplant Service data showed that between 1990 and 1999 approximately one-quarter of PK operations were performed for endothelial failure. The number of eyes requiring keratoplasty for FED is likely to increase further over time given the aging population of the United Kingdom. The number of eyes requiring keratoplasty for PBK remained stable during the past decade. It seems likely that the substantial increase in the rate of patients undergoing cataract surgery in the United Kingdom 17 may be influenced by ongoing improvements in phacoemulsification technology and endothelial protection. 3, 4, 18, 19 However, it will be important to continue studying trends in the numbers of patients requiring surgery for FED and PBK during the next decade because this will have implications for the numbers of EK and PK grafts required in future years for transplantation.
Indeed, our data show that endothelial failure is the most common indication for any keratoplasty, as well as for PK and EK. Furthermore, the rapid decrease in PK for endothelial failure from 2005-2006 onward was mirrored by a substantial increase in EK, suggesting that many corneal surgeons switched technique for appropriate patients at this time. Hence, EK is performed more commonly than PK for eyes with endothelial failure, and the National Institute for Health and Clinical Excellence 20 reported in 2009 that current evidence on safety and efficacy was adequate to support the use of EK based on the combined results of more than 6000 operations. The potential advantages and disadvantages of EK have been described previously, 6, 21 and ongoing studies comparing the visual and survival outcomes of EK vs PK grafts will be important in informing the ongoing debate.
The performance of keratoplasty following all causes of corneal infection remained stable during the past decade, representing about 8% of all corneal graft surgery in the United Kingdom. Likely explanations for this include improved treatment with antiviral agents, particularly for herpes simplex virus, 22 and increased incidence of bacterial keratitis from contact lens wear. 23, 24 Indeed, the proportion of CTS PK operations performed for viral keratitis showed a downward trend (from 6% in 1990-1991 to 2% in 1998-2009) in the previous decade. 5 Our data demonstrate that the number of PK operations for corneal infection decreased from 2006 to 2007, while the number of DALK operations for corneal infection increased gradually, sug- 
